The 
SUMMARY
The findings at coronary angiography and left ventricular cineangiography were compared with clinical data in 52 cases of coronary artery disease. A semiquantitative estimation of left ventricular end-diastolic and end-systolic volumes was used, as well as the identification of local dysfunction in the left ventricular wall. The findings at ventriculography had no relation to the functional classification or the maximal physical work capacity. Thus the limiting factor is angina pectoris and not primarily changes in the left ventricular wall after infarction. Similarly, retrograde filling of stenosed arteries by collateral channels was not correlated to CORONARY ANGIOGRAPHY has become an accepted and useful method for evaluation of patients with coronary artery disease. Angiography provides information on the anatomy of the coronary arteries but gives only limited information on the circulation in the myocardium and the functional state of the myocardium. Therefore we included cineangiography of the left ventricle in the preoperative studies of our patients with 
868
angina pectoris in an attempt to obtain a better general evaluation of these patients and particularly a better selection of suitable candidates for revascularization operations on the myocardium.
Methods

Group Studied
We now routinely perform left ventricular as well as coronary angiography on all patients referred to us for evaluation of angina pectoris. Patients with valvular heart disease or systemic hypertension and also most patients over 60 years of age have not been accepted for evaluation. This report concerns our first 63 consecutive cases in which left ventricular angiography was performed. From these 63 cases 11 have been excluded, in which the angina pectoris was Circulation, Volume XXXVI, December 1967 atypical and the ECGs either were normal at rest and exercise, or, in one case, showed right bundle-branch block. The end-diastolic and endsystolic volumes as well as the contraction pattern of the left ventricle were normal in these 11 cases. The coronary angiograms showed normal coronary arteries in four and slight coronary sclerosis in seven cases. If the severity of coronary arteriosclerosis is graded from 0 to 4 (vide infra), the mean individual artery score in these 11 cases was 0.3. Thus, chest pain in these cases was evidently not due to coronary artery disease.
In the remaining 52 cases true angina pectoris was present. The cause was arteriosclerosis in all cases except one, that of a 34-year-old woman with aortitis (Takayasu's disease).
The distribution with regard to age and sex is given in table 1 The left ventricular maximal end-diastolic and minimal end-systolic volumes were classified as normal (0), increased (+), and markedly increased (++). The contraction pattern of the left ventricle was analyzed and dysfunction in the ventricular wall was noted. In nearly all cases the dysfunction appeared as an akinetic part of the wall which did not contract whereas the rest of the wall had normal contractions ( fig. 1 ). An outward bulge of the immobile part of the ventricular wall, that is, a true aneurysm was seen in only six cases and true paradoxical pulsations of the akinetic part of the wall were never seen. The findings on the coronary angiograms were classified as follows, and the right coronary artery (R), the left anterior descending artery (LAD), and the left circumflex artery (LC) were considered separately: 0, no visible changes or only very slight irregularities in the walls; 1, narrowing of the lumen in at least one place but less than 50% of the diameter of that artery; 2, narrowing of the lumen in at least one place by more than 50% of the diameter but no delay in filling of arterial branches distal to the obstruction; 3, like 2 but with delayed filling distal to the obstruction; and 4, total occlusion of artery.
The presence of intercoronary, homocoronary, and extracardiac anastomoses to the coronary arteries was noted. The anastomoses were considered functionally important when there was good contrast filling distal to the occlusion in an artery.
Results
The degree of coronary artery stenosis and its distribution in the three major arteries can be seen in table 3. Total occlusions were equally frequent in the right and the left anterior descending arteries, but slight changes were rare in the latter artery. With the scale of coronary artery stenosis described, the maximal individual patient score for the three major arteries would be 12. In patients without a history of myocardial infarction the Key: Collaterals + = filling of artery distal to stenosis through collateral channels; collaterals--= no visible collateral filling on coronary angiogram. (table 9 ). In patients with dysfunction the end-diastolic volume as a rule was normal, but in almost every case the end-systolic volume was increased. In the group with dysfunction of the left ventricular wall representing a scar after myocardial infarction, 12% of the patients had no history of myocardial infarction.
Finally, the correlations between the electrocardiogram at rest and the findings at left ventricular angiography have been investigated (tables 10 and 11). All patients with a normal or a borderline electrocardiogram had normal end-diastolic volumes and, with the exception of two with electrocardiographic changes of group 1, normal end-systolic volumes (table 10) . In patients with ECGchanges groups 2 and 3 the end-diastolic volume could be normal, but the end-systolic volume was usually increased. The largest volumes were found in patients with unspecific ECG-changes (group 2) or with infarction of the anterior wall.
As was the case with left ventricular volumes, the left ventricular contraction pattern was normal in most cases with ECG groups 0 and 1 (table 11) . Dysfunction of the left ventricular wall was nearly equally frequent in groups 2 and 3. The three patients with left bundle-branch block had increased endsystolic volumes and dysfunction located in the anterior wall, the posterior wall and the apex, and the posterior wall, respectively. The anatomic position of the dysfunction was the anterior wall in five of 14 cases in which ECGs showed old anterior infarction, and the apex in four cases; in no case was it limited to the posterior wall. In the small group with posterior infarction according to the ECG, the anatomic infarct scar was located in the apex or the posterior wall and in no case in the anterior wall. From a roentgenologic anatomic point of view it was found that in the eight cases of dysfunction in the anterior wall, alone or including the apex, the ECGs showed anterior infarction in five and borderline or unspecific changes in the remaining three. In the group with dysfunction in the posterior wall corresponding results were seen, though there were more patients with unspecific electrocardiograms. The two with generalized dysfunction of the left ventricular wall had anterior wall infarction by the electrocardiogram (V1-V3 and V1-V7, respectively). In cases in which the area of dysfunction was limited to the apical region, the electrocardiographic pattem varied.
Mitral regurgitation was seen only in one patient with a large akinetic area including the anterior wall and the apex of the left ventricle. The left anterior descending artery was totally occluded with good collateral filling of the artery distal to the occlusion. Discussion
We now prefer the transseptal method for left ventricular angiography, that is, injection in the left atrium through a transseptal catheter. By this technique the arrhythmias sometimes seen with left ventricular injections are avoided. Furthermore, with the transseptal technique hemodynamic studies can be performed at rest and exercise.
The nonselective aortic injection technique for coronary angiography has in our experience and others5 given good quality angiograms. The definition of the full size recording system that we are using is approximately four periods per mm, that is, twice the definition that can be expected with any image intensifier cine system. The method is rapid and simple and the catheter is introduced by a percutaneous technique and consequently no cutdown on any artery is necessary. With the aortic injection technique all coronary arteries and anastomoses between them and extracardiac anastomoses to the coronary arteries are visualized under as nearly normal hemodynamic conditions as possible, whereas selective catheterization with selective injection into coronary arteries to a certain extent will upset the normal hemodynamic conditions in the artery. The relative values of selective coronary angiography and aortic injection coronary angiography may thus be debated and to our knowledge there is no comparative study indicating that the selective method should be superior to the nonselective.
All patients were given nitroglycerin sublingually before the coronary angiography to obtain maximal dilatation of the coronary arteries and also to avoid attacks of angina pectoris from the injection of the contrast medium.
No that paradoxical expansion of the alkinetic part of the wall was never seen in this material; this is in agreement with previous findings in ventricular aneurysms. 9 Mitral insufficiency was seen only in one case in this material. Even in cases of extensive scarring of more than three fourths of the left ventricular wall, the function of the papillary muscles and the mitral valve was still intact. A probable explanation for the rarity of mitral insufficiency is that patients who at the acute infarction get severe disturbances or even rupture of the papillary muscle, probably will not survive whereas none of the patients we studied had a history of infarction later than 6 months before the angiography. This subject was recently reviewed by Heikkila. 10 The two complications occurring in this material in connection with the angiographic studies were both serious (myocardial infarction 10 and 11).5, 17 The explanation for this must be differences in the degree of preformed collaterals in these patients, and it is known from necropsy studies that such differences may be considerable.15 16 Local left ventricular akinesis was found more frequently in our material than in earlier reports. '8 
